Objectives: Patients with acute headache increasingly undergo CT-angiography (CTA) to evaluate underlying vascular causes. The aim of this study is to determine clinical and non-contrast CT (NCCT) criteria to select patients who might benefit from CTA.
| INTRODUC TI ON
Acute headache may have several vascular causes including subarachnoid hemorrhage (SAH) from a ruptured aneurysm, cerebral venous thrombosis (CVT), reversible cerebral vasoconstriction syndrome (RCVS) or arterial dissection (Cumurciuc, Crassard, Sarov, Valade, & Bousser, 2005; Day & Raskin, 1986; Ducros, 2012; Maruyama et al., 2012; McCarron & Choudhari, 2005; Mitsias & Ramadan, 1992; Raps et al., 1993; Witham & Kaufmann, 2000) .
These vascular abnormalities can be diagnosed in the emergency setting with CT angiography (CTA).
An additional CTA causes excess radiation exposure of 2.5 mSv after normal NCCT (which also causes 2.5 mSv; Cohnen et al., 2006) . The iodine contrast which is given intravenously may cause allergic reactions and contrast nephropathy in a small number of cases (Cohnen et al., 2006; Dittrich et al., 2007; Luitse et al., 2015) .
Therefore, discriminating clinical characteristics such as abnormalities on neurological examination to more selectively apply CTA would be valuable for physicians in reducing unnecessary diagnostic tests.
Previous research focused on the value of CTA of the brain and cervical arteries in all emergency department patients (Jamshidi et al., 2011) or on development of a clinical decision rule for diagnosing SAH, regardless of CTA results, in patients with acute headache (Perry et al., 2013) . These studies found that several characteristics such as signs of hemorrhage on non-contrast head CT (NCCT), deficit on neurological examination, acute onset of headache (Jamshidi et al., 2011) , age over 40 years, nuchal rigidity or onset during exertion (Perry et al., 2013) are associated with a higher risk of abnormalities on CTA or the chance of SAH. A clinical prediction rule for vascular abnormalities on CTA for patients in the emergency department with acute headache and a normal NCCT is currently not available.
In this study, we evaluated patients presenting with acute headache in whom CTA was performed to exclude secondary forms of headache. We aimed to develop a diagnostic prediction model with headache, patient, and NCCT characteristics to identify patients with the highest probability of an abnormality on CTA.
| MATERIAL S AND ME THODS
We retrospectively evaluated all patients who underwent a cerebral and cervical CTA between January 2011 and December 2014 in the emergency department of the Leiden University Hospital (LUMC), a tertiary vascular neurology referral center and university teaching hospital, and the Haaglanden Medical Centre in The Hague, a tertiary vascular referral center and a secondary teaching hospital. We included all patients who presented with acute headache.
We defined acute headache as headache peaking within 5 min and lasting more than 1 hr. We excluded patients who were comatose (EMV < 9), who had an ongoing seizure or were otherwise unable to express whether they had headache. Patients were also excluded when their headache developed after a trauma or after start of focal neurological deficits.
The patients were identified in the hospital digital medical chart system by evaluating all patients who received a cerebral and cervical CTA and were admitted to the emergency department. All medical charts were reviewed for the in-and exclusion criteria. Chart review was done by IMA and BFJG with a standardized data abstraction form. We charted patient characteristics (age, sex, patient history and medication, focal neurological deficits, seizures, loss of consciousness ongoing or of short duration not deemed a seizure, nausea, vomiting, nuchal rigidity, papillary edema) and headache characteristics (location, duration, presence of aura, autonomous symptoms).
In the Leiden University Hospital patients were scanned from the aortic arch up to the vertex with an Aquilion One (Aquilion ONE; Toshiba Medical Systems, Tokyo, Japan) or Aquilion 64 CT scanner (Aquilion 64; Toshiba Medical Systems, Otawara, Japan). In the MC Haaglanden patients were scanned from the aortic arch to the vertex with a General Electrics Lightspeed 64-slice scanner (General Electric, Chicago IL, USA).
We recorded adverse events of the CTA including allergic reactions, kidney failure or infections after IV catheter use. The adverse events were deducted from the authorized hospital form used to chart any clinical adverse events during admission.
The study was evaluated and approved by the local ethics committee, which waived the need for patient consent as all data were recorded anonymously.
| Statistical analysis
We calculated prevalence ratios with corresponding 95% confidence intervals for patient characteristics in relation to presence of abnormalities at CTA. Multivariable logistic regression analysis was performed with a vascular abnormality at CTA as the outcome variable.
Candidate predictors were considered for entrance into multivariable regression models irrespective of their univariable association with a vascular abnormality at CTA (Royston, Moons, Altman, & Vergouwe, 2009 ). We included all candidate predictors in the multivariable logistic regression model and excluded them stepwise when the likelihood ratio test had p > .15. The discriminative performance, to which the prognostic model enables discrimination between patients with and without vascular abnormalities at CTA, was described by the cstatistic. The c-statistic varies between .5 (a non-informative model) and 1.0 (a perfect model; Greving et al., 2012) . Our report on prediction adheres to the TRIPOD (Transparent reporting of a multivariable prediction model for individual prognosis or diagnosis) guidelines (Collins, Reitsma, Altman, & Moons, 2015) . This guideline consists of a 22 item checklist detailing the essential information that should be included in a report of a prediction modeling study.
Some variables, such as papillary edema or nuchal rigidity, were not recorded and thus missing in some cases. The absence of these clinical signs in the examination was also evaluated to ascertain whether this was a predictive factor.
| RE SULTS
We included 384 patients (flowchart 1). The average age of the participants was 51 years and 150 (39.1%) were men. In the entire group of patients 129 presented with a normal neurological examination (33.6%), 190 had a normal NCCT (49.4%), and 128 had an abnormality on CTA (33.3%). Other characteristics can be found in Table 1 .
| Patients with abnormal NCCT
Of the 194 patients with an abnormal NCCT there were 116 with an abnormality on CTA (59.8%; Figure 1 ). All these abnormalities were symptomatic and were treated accordingly. About 128 (74.1%) patients had SAH on NCCT and in 96 (95.1%) of these patients an aneurysm was found. In two patients the CTA showed no abnormalities but an aneurysm was detected after MRI and digital subtraction angiography. Three patients with an intraparenchymal hemorrhage also had a causative aneurysm on CTA. The number needed to scan to find a clinically relevant vascular abnormality on CTA in this group was less than two patients (1.7).
| Patients with normal NCCT
In 190 patients (49.5%) the NCCT was normal. Twelve (6.3%) of these patients had a vascular abnormality on CTA and in seven (3.7%) of these patients the abnormality was thought to be the cause of the headache. These seven abnormalities were also of clinical significance because they warranted a change of medication or more intensified follow up. We could not define whether the found aneurysms were relevant because we did not have sufficient data to retrieve if they had ruptured or not. Unruptured aneurysms are not a likely cause of headache and may be an incidental finding. Also data on the necessity of treatment according to our guidelines were not completely available. Three patients had CVT, one of which had been diagnosed earlier and was unchanged; we did not count this as a relevant finding. Two patients were diagnosed with RCVS, two with a cervical arterial dissection and one with a cerebellar infarction. Thus, the number needed to scan to find a clinically relevant abnormality was 27.
In addition to the clinically relevant findings, unruptured aneurysms were found in four patients; in two patients the aneurysms could not be confirmed on MRI, one patient with an MRI confirmed aneurysm had a normal LP and the fourth patient did not receive an LP but presented within 6 hr on the ED, with normal NCCT ruling out SAH.
| Multivariable analyses
In the univariable analyses of all 384 patients there were 14 variables associated with either CTA abnormalities or normal CTA. Age, presentation within 6 hr of headache, vomiting, collapse, impaired consciousness, nuchal rigidity, subjective neurological deficit, abnormal pupillary responses, motor deficit were associated with abnormal CTA. Normal NCCT, unilateral headache, normal neurological examination, normal Glasgow Coma Score and a history of previous headaches were associated with normal CTA (Table 2 ).
In the multivariate analyses three factors were significantly associated with an abnormal CTA: presentation within 6 hr of headache, abnormal NCCT and ongoing impaired consciousness at time of the NCCT ( Table 3) We attempted to assess which factors would be related to an abnormal CTA in the 190 patients with a normal NCCT. However, because there were only 12 patients with a CTA abnormality in this group we could not identify these factors as overall yield was low.
| D ISCUSS I ON
We found that the yield of CTA in patients with acute headache presenting at the emergency department and an abnormal NCCT is high. An abnormal NCCT was the strongest predictor for finding an abnormality on CTA. When combined with the two other clinical factors that contributed independently to finding an abnormal CTA, an impaired lowered consciousness and presentation within 6 hr of headache, discrimination was not better than when NCCT alone was used. In patients with normal NCCT the diagnostic yield was low and in only seven out of 190 patients a clinical relevant abnormality was found.
To the best of our knowledge, this is the first study focusing on a prediction model for finding an abnormality on CTA in acute headache focusing on a broader diagnostic range than just SAH.
We included patients from an academic medical center and a large teaching hospital to improve the generalizability of our results.
Our study has several limitations. First, there is a likely selection bias in the performed CTAs limiting the number of CTAs in patients with normal NCCT or normal neurological examination. Due to the retrospective design of our study we do not know why the treating physician chose to perform these CTAs and more importantly, we cannot determine how many patients did not receive a CTA at all. Second, in some subgroups, such as patients with a normal NCCT, the number of abnormalities was small. Due to the limited number of abnormalities there was insufficient power to determine clinically relevant factors. Alternatively, one could reason that abnormalities in this group are so few that CTA scanning in these patients is not cost-effective.
Finally, we had to rely on retrospective chart review and some data, for instance on the presence of nuchal rigidity or evaluation of papillary edema, was missing in a large part of patients, because the performance of such neurological tests may very much depend on the severity of the clinical presentation.
Patients with acute headache and an abnormal NCCT should receive CTA. The yield of CTA in patients with a normal NCCT was low and the number needed to scan to find a clinically relevant a Age <45 years was taken as a reference. b Prevalence ratio is the proportion of patients with a vascular abnormality with the given baseline characteristic over the proportion in the group without that characteristic. If the ratio is <1 there are less vascular abnormalities in the group with the baseline characteristic, if the ratio is >1 there are more vascular abnormalities in that group.
TA B L E 2 Abnormality at CTA in relation to patient characteristics in 384 included patients
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